INTRODUCTION
Interactions between Common Cuckoo Cuculus canorus, an obligatory brood parasite, and its hosts are commonly viewed, on an evolutionary scale, as an ongoing arms race (Moskát 2005) . Several studies, which observed these interactions over a longer time-span found that the temporal changes in parasitism rate can be fast (Brooke & Davies 1987 , Takasu et al. 1993 , Soler et al. 1998 , Brooke et al. 1998 , but see Lindholm 1999 . However, despite the large number of host species, long-term reports on brood parasitism rates are quite rare.
A majority of studies on brood parasitism rates were conducted over relatively short time scales, thus making it difficult to adequately assess the dynamics of the host-parasite interactions. Also, historical data on the frequency of parasitism are sometimes difficult to interpret, as past activities of naturalists were commonly limited to egg collection only (Brooke & Davies 1988 , Moksnes & Røskaft 1995 , Honza et al. 2001 . Consequently, many museums have large collections of cuckoo eggs from various hosts but since the search effort of collectors is not recorded (e.g. how many nests of a given species they had to check in order to find a Cuckoo egg), these records do not allow calculation of parasitism rates. Long-term monitoring programmes, e.g. the BTO's Nest Record Scheme (Crick & Baillie 1996) , may provide a source of data on temporal changes in parasitism rate. In addition, we suggest that Several 19th and 20th century studies on Common Cuckoo Cuculus canorus brood parasitism suggest that Red-backed Shrikes Lanius collurio used to be one of its common hosts in central Europe. However, since the late 1960s parasitism ceased to occur in Red-backed Shrikes in Hungary. Using data from bird ringing records in the Czech Republic and Slovakia we evaluate whether this finding holds on a broader scale. We found a rapid decline in the parasitism rate, expressed as the frequency of Common Cuckoo chicks encountered in Red-backed Shrike nests, during 1964 -2006 . During the first decade of the study, on average 2.19% of Shrike nests contained a Cuckoo chick, while in the last decade Cuckoos occurred in 0.37% of the nests only. This suggests a sixfold decline over the study period. Parasitism rates showed strong regional variations which were positively related to the size of regional host populations. In addition to the high ability of Shrikes in discriminating Cuckoo eggs, as found in previous studies, we suggest that decreases in regional host population numbers might lead to host abandonment within a few decades. Whether these two factors work in tandem, or independently, remains to be answered.
ringing records stored in national ringing centres constitute a largely unexplored source of information on host-brood parasite interactions. In many countries bird ringing has a long tradition, dating back to the early 1900s (Baillie 2001 , Bairlein 2003 . To date, only few studies used ringing records to study brood parasitism (Benecke 1982 , Lindholm 1999 .
Here we use data from the Czech bird ringing scheme to document temporal changes in parasitism rate by the Common Cuckoo on one of its regular hosts, the Red-backed Shrike Lanius collurio. Studies in Hungary found a sudden decline in the use of this host by Cuckoos during the past few decades (Moskát & Fuisz 1999 , Lovászi & Moskát 2004 . Earlier 19th and 20th century studies on Cuckoo brood parasitism suggest that Red-backed Shrike used to be one of its regular hosts in central Europe (C v apek 1896, Rey 1897 , Wenzel 1908 , Makatsch 1955 . Based on our personal observations, Cuckoos in the Czech Republic are still parasitizing Red-backed Shrikes, though at a low rate.
METHODS
The Red-backed Shrike is one the most commonly ringed bird species in the Czech Republic (Hus v ek & Adamík 2006). Prior to 2002, the ringing scheme encompassed both the Czech Republic and Slovakia. However, the ringing effort in Slovakia was low (c. 900 Shrike nests during and scattered across the country. Therefore, we added the figures from Slovakia to the overall calculation of parasitism rate, but we refrained from calculating regional parasitism rates for Slovakia (see below). Annually, nestlings from 60 to 700 nests were ringed. This high ringing effort enables the assessment of long-term trends in breeding biology (Hus v ek & Adamík 2008). Of Cuckoos, on average 20 nestlings across all host species were ringed annually (Table 1) . However, in 33% of Cuckoo nestlings, the ringers did not identify the host. This could potentially bias the estimates of parasitism rates. We evaluated whether there were any trends in reporting rates in . First, we excluded those cases where Cuckoos were ringed by a specialised research group (M. Honza and his colleagues) in Acrocephalus warblers in southern Moravia. For the remaining dataset, we calculated the annual reporting rate as the proportion of host-identified Cuckoo nestlings among all Cuckoo nestlings. Overall, the reporting rate increased over the study period (r s = 0.42, n = 43, P = 0.005), i.e. recently the ringers have been reporting host species identity more frequently. For the next step, we selected those records where ringers identified Red-backed Shrikes as the host species. From these records we calculated the annual parasitism rate as the proportion of Red-backed Shrike nests in which a Cuckoo had been ringed. Traditionally, the term parasitism rate is used for the frequency of nests parasitized by the Cuckoo during the egg-laying phase of the host species. In this study, for simplicity, we refer to this term as the frequency of Common Cuckoo chicks in Red-backed Shrike nests (see also Discussion).
The frequency of parasitism often differs between nearby sites or regions (Lindholm 1999 , Stokke et al. 2007 . Hence, we calculated the parasitism rate by administrative districts within the Czech Republic. Only those districts where at least 100 nests of Red-backed Shrikes had been ringed were included. Parasitism rate may depend on host population size or its densities (Lindholm 1999 , Alvarez 2003 , Stokke et al. 2007 ties were not available. To avoid possible bias in reporting rates, we only included data from those members of the Group who were active ringers. Data on host population sizes were available for 1994-2006 only. Therefore, within this period, we categorized the regions (districts) as parasitized (n = 6; at least one Cuckoo nestling was found during the 13-year period) and unparasitized (n = 11).
RESULTS
Of 787 Cuckoo nestlings ringed among 23 host species (Table 1) , 124 were ringed in Red-backed Shrike nests (15.76%). During 1964-2006, Cuckoo nestlings were reported in 124 out of 11 946 Shrike nests, yielding a mean parasitism rate of 1.04%. Over the same period, the parasitism rate of Shrike nests showed a significant decline (r s = -0.64, n = 43, P < 0.001; Fig. 1 ). During the first decade of the study, 28 nestlings were reported in 1276 Shrike nests (2.19%), while in the last ten years, only 10 Cuckoos were found in 2689 nests (0.37%).
We found marked differences in parasitism rate across the country, often among neighbouring regions (Fig. 2) . The highest rates of parasitism were found in the Nymburk and Uherské Hradis v te v districts. Districts where parasitism had been reported during the past 13 years had significantly higher Shrike populations (mean number and SE of breeding pairs was 140 ± 41) than those where parasitism was not recorded (mean 40 ± 8; t-test, t 1,15 = 3.06, P = 0.008).
DISCUSSION
The occurrence of Cuckoo nestlings in Red-backed Shrike nests has significantly declined over the past 43 years. This finding is in line with the study of Lovászi and Moskát (2004) successful parasitism by the Cuckoo. Another explanation for the drop in parasitism is a decline of host numbers as explained below. Several methodological issues should be considered here. Our calculations may have underestimated parasitism rates for two reasons. First, the ringers did not report the host species in all cases, making it likely that some Cuckoos in Shrike nests were omitted in our calculations. On the other hand, one may argue that not reporting the host is most likely to occur when the ringer was not sure of the host species identity, which is least likely in Red-backed Shrike (distinct nest, characteristic parental alarm calls). The proportion of Cuckoo hosts identified during ringing was lowest in the late 1960s and early 1970s, then improved to nearly 75% in [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] . Hence, the real numbers of parasitized Shrikes were likely to be higher at the beginning of the study, leading possibly to even a steeper decline in the parasitism rate over the entire period of study. However, if not-reporting was distributed randomly among the ringed nests, the proportion of Shrike nests with a Cuckoo nestling is still an unbiased sample among those for which the host was reported. Secondly, Shrikes frequently eject Cuckoo eggs, or abandon nests in which Cuckoos have laid their egg (Lovászi & Moskát 2004) . Therefore, the Cuckoo nestlings that were ringed must have represented a fraction of the original number of parasitized nests (i.e. of the nests found, Cuckoo eggs may already have been ejected in some). If rejection behaviour improved over the study period, this in itself could be responsible for the observed decline of parasitism. Between 1945 Between and 1982 Between , S v tancl & S v tanclová (1987 found Cuckoo eggs in 18 out of 436 Shrike nests in Eastern Bohemia, yielding a 4.1% parasitism rate. Of these 18 eggs, 12 Cuckoo nestlings (66.6%) were successfully raised to independence. However, we do not know whether the authors did daily checks on nests with Cuckoo eggs. If not, then clearly some nests with ejected Cuckoo eggs must have been overlooked. More than a century ago, in Moravia (eastern Czech Republic) C v apek (1896, 1902, 1903) found that 4.6-8.2% of Shrike nests contained a Cuckoo egg. Out of 40 Red-backed Shrike nests in which he found a Cuckoo egg, 4 (10%) were aban- doned by the host (C v apek 1896). However, C v apek (1910) was a keen egg collector and we can not rule out the possibility that he had already collected some of the Cuckoo eggs before ejection might have occurred.
In contrast, recent experiments on the ejection behaviour in Hungary reported considerably higher rejection rates (Moskát & Fuisz 1999 , Lovászi & Moskát 2004 ). Thus, it would be interesting to repeat similar experiments in the Czech Republic, where the Cuckoo still persists, albeit in diminishing frequency, as a brood parasite of the Red-backed Shrike.
Beside the long-term decline in parasitism rate, we also found that the geographical distribution of Cuckoo eggs in Shrike nests is patchy. Neighbouring regions often have strikingly different parasitism rates. This finding is supported by an earlier study of Holán 1996) in the Czech Republic. In addition we found that this pattern could be explained by regional variations in host's population sizes. This is in line with the study of Soler et al. (1999) , who found host population size to be a strong predictor of parasitism rate across a wide range of species. Unfortunately, we do not have reliable regional data on other variables (e.g. host densities, habitat patch size) that could also explain the observed pattern. Host population size and its density probably work in tandem and are likely to explain the frequency of parasitism (Lindholm 1999 , Stokke et al. 2007 
